All 25 5 



,J6i r 



GB 2173891 
OCT 19fifi 



<., UK Patent Application „.GB ,,,,2173 894 A 

(43) Application published 22 Oct 1906 



(21) Application No 8509989 


(51) INT CI* 




G01B 11/22 11/26 


(22) Date of filing 18 Apr 1985 






(52) Domestic classification (Edition H): 




G1 A A3 DJ G7 P10 R7 S4 S5 T15 T26 T2 T5 T8 TO 




U1S 1083 2145 2148 G1A 


(7 1) Applicant 




STC pic (United Kingdom), 


(56) Documents cited 


1 90 Strand. London WC2R 1 DU 


GB A 2062877 EP A2 0103835 EP A1 0078939 


(72) Inventor 


(58) Field of soarch 


Kevin Christopher Byron 


G1A 




Selected US specifications from IPC sub-class G01 □ 


(74) Ayeni and/or Address for Service 




M C Dennis. 




STC Patents. Edinburgh Way, Harlow, Essex CM20 2SH 





(5<i) Optica! fibre sensors 



(57) A sensor includes an optical fibre and in use of the sensor the area of contact between the fibre and a 
liquid varies in dependence on variations in a parameter to be sensed and the optical power output of the 
fibre varies correspondingly. In an inclination sensor the fibre (2) extends through a tube (1) containing a 
quantity of the liquid (5) but it is not in contact therewith unless the fibre and tube are lilted out of the 
horizontal. In a depth sensor the liquid is the liquid whose depth is to be sensed. The fibre may be clad 
with the liquid acting as an index matching liquid in strip optical power therefrom. 

Fig.1. 
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SPECIFICATION 

Optical fibre sensors 

5 This invention relates to optical fibre sensors 
and methods of sensing with optical fibres. 

According to one aspect of the present in- 
vention there is provided a sensor including an 
optical fibre, means to couple optical power 
10 into one end of the fibre and detect the opti- 
cal power throughput, and wherein in use the 
area of contact between the optical fibre and 
a liquid varies in dependence on variations in 
a parameter to be sensed and the optical 
15 power throughput varies correspondingly. 

According to another aspect of the present 
invention there is provided a method of sens- 
ing a parameter comprising coupling optical 
power into an optical fibre, detecting the opti- 
20 cal power throughput and disposing the fibre 
relative to a liquid whereby the area of con- 
tact between the fibre and the liquid varies in 
dependence on variations in the parameter to 
be sensed, the optical power throughput vary- 
25 ing correspondingly. 

Embodiments of the invention will now be 
described with relcrence to the accompanying 
drawings, in which: 
Figure 1 illustrates an embodiment of level 
30 sensor in a first level, orientation; 

Figure 2 illustrates the embodiment of Fig. 2 
in a second, tilted, orientation, and 

Figure 3 illustrates an embodiment of depth 
sensor. 

35 The optical fibre sensor shown in Figs. 1 
and 2 is a level or inclination sensor of the 
spirit level type. It comprises a ceil or tube 1 
through which extends an optical fibre 2. 
Coupled to one end of fibre 2 is a light source 
40 3, for example a semiconductor laser or an 
LED, whereas the light output from the other 
end of the fibre 2 is applied to a detector 4. 

The cell 1 contains a liquid 5, the amount 
of which is such that when the cell is level, 
45 i.e. the fibre is horizontal, the fibre is not in 
contact with the liquid (Fig. 1). As the cell is 
rotated (tilted) the fibre will be contacted by 
the liquid (Fig. 2.) with the angle of rotation 
being proportional to the area of liquid in con- 
50 tact with the fibre and the transmitted optical 
power varying accordingly, provided the cell is 
of a suitable length. If the cell is too long a 
saturation will arise at a particular angle. 
The liquid employed is related to the type 
55 of fibre. For a clad or leaky optical fibre the 
liquid may be an index matching fluid, in 
which case the greater the angle of tilt the 
less the optical power detected by detector 4, 
since optical power will be stripped from the 
60 fibre by the index matching fluid at the con- 
tact area therebetween. For an unclad fibre 
the liquid may be mercury, in which case as 
the cell is rotated the optical power through- 
out increases, since the mercurv whp"= ' 



coating. 

The embodiment of Fig. 2 employs an opti- 
cal fibre to sense the depth of liquid in a tank, 
for example fuel in a motor vehicle fuel tank, 
70 and thus provide an indication of (he state of 
fill of the tank. A sensing optical fibre 10 is 
arranged to extend substantially vertically in a 
tank 1 1 in the embodiment illustrated. Coupled 
to one end of the fibre 10 is a light source 
75 12, for example a semiconductor laser or an 
LED. The light output from the other end of 
the fibre is applied to a detector 13. 

The optical power transmitted to the detec- 
tor 13 will vary in dependence on the depth 
80 of liquid 14 in the tank, in a manner similar to 
level sensor described above, since the con- 
tact area between the liquid and the fibre will 
vary and thus depending on the fibre and 
liquid types there will be variations in the 
85 amount of optical power stripped from the 
fibre or variations in optical power increase 
due to reflection. 

The sensing optical fibre is shown coupled 
directly to the light source 12 and detoclor 13 
90 it may however bo coupled thereto by other 
optical fibre end terminations dependent on 
the typo of fibre used for tho sensing fibre 
and the remoteness from the tank of the light 
source and detector. In the caso of a sonsing 
95 fibre comprised by a conventional clad optical 
fibre such end terminations will be unneces- 
sary, however in the case of a leaky sensing 
optical fibre they will be desirable if tho light 
source and detector are remote. Tho type of 
100 sensing fibre used is related to the liquid in 
the tank. In the case of liquids which act to 
strip optical power from the sensjng fibre and 
thus as index matching fluids,, clad or leaky 
optical fibre will b.e employed as the sensing 
105 fibre. In the case of mercury or liquids which 
act in a similar way to mercury to provide a 
reflective coating on the fibre, unclad sensing 
fibre would be employed. 
In such a depth sensor \[ is not necessary 
1 10 that the sensing optical fibre is vertical, it can 
be arranged at an angle to the vertical or 
otherwise arranged in accordance with the 
lank configuration and the detector output cal- 
ibrated accordingly. Since there are no direct 
1 15 electrical connections the depth sensor is par- 
ticularly suitable for use in a combustible envi- 
ronment, such as a motor vehicle fuel tank. 

Although optical power output (throughput) 
is detected at the other end of the fibre in the 
120 embodiments described, it would alternatively 
be possible to provide an optical reflector at 
said other end, and to detect the change in 
power throughput at the input end of the 
fibre. 

125 

CLAIMS 

1. A sensor including an optical fibre, 
means to couple optical power into one end 



contact between the optical fibre and a liquid 
varies in dependence on variations in a para- 
meter to be sensed and the optical power 
throughput varies correspondingly. 
5 2. A sensor as claimed in claim 1 for 
sensing the inclination of the fibre, wherein 
the fibre extends through a tube containing a 
quantity of liquid, comprising said liquid, such 
that when the fibre and tube are horizontal the 

10 fibre is not in contact with the liquid and such 
that when the fibre and tube are tilted out of 
the horizontal the fibre is contacted by the 
liquid and the optical power throughput 
changes in dependence on the angle of tilt. 

15 3. A sensor as claimed in claim 1 for 
sensing the depth of a liquid, comprising said 
liquid, in a tank, wherein the fibre extends, in 
use of the sensor, in the tank and the area of 
contact between the fibre and the liquid and 

20 the optical power throughput varies in accor- 
dance with the depth of liquid in the tank. 

4. A sensor as claimed in any one of the 
preceding claims wherein the fibre is unclad 
and the liquid is mercury or another liquid 

25 which acts to provide a reflective coating 
when in contact with the fibre. 

5. A sensor as claimed in any one of 
claims 1 to 3 wherein the fibre is a clad fibre 
and the liquid is an index-matching liquid or 

30 another liquid which serves to strip optical 
power from the fibre upon contact therewith. 

6. An optical fibre sensor substantially as 
herein described with reference to Figs. 1 and 
2 or Fig. 3 of the accompanying drawings. 

35 7. A method of sensing a parameter com- 
prising coupling optical power into one end of 
an optical fibre, delecting the optical power 
throughput and disposing the fibre relative to 
a liquid whereby the area of contact between 

40 the fibre and the liquid varies in dependence 
on variations in the parameter to be sensed, 
the optical power throughput varying corre- 
spondingly. 



Printed in I he United Kingdom lor 

Her Majesty's Stationery OHico, Od 88 18935. 1986. 4235. 
Published at The Patent Office, 25 Southampton Buildings. 
London. WC2A \ AY. from which copies may be obtained. 



